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Description

[0001] The present invention relates to apparatus and methods for determining a state of a reformer for producing a
reformed fuel to be supplied to an internal combustion engine by reforming a fuel air mixture.

[0002] For example, Japanese Patent Application Laid-open No. 2002-54427 discloses an apparatus for adding a
reformed gas (reformed fuel) containing CO and H2 to a fuel to be supplied to a combustion chamber of an internal
combustion engine or an exhaust gas discharged from the combustion chamber. This apparatus includes a CO shift
catalyst (reformer) in which a precious metal is carried by a carrier having an oxygen-absorption capacity. The CO shift
catalyst reforms CO and H20 to H2 and CO2 by a water gas shifting reaction to produce a reformed gas containing CO
and H2.

[0003] The CO shift catalyst deteriorates with the lapse of time. Thus, a concentration ratio between CO and H2
(CO/H2 concentration ratio) in the reformed gas produced by the CO shift catalyst also varies with the lapse of time,
and a deterioration of an exhaust emission may be caused. Therefore, in the conventional apparatus, the oxygen
absorption capacity of the CO shift catalyst is obtained from the oxygen concentration at a fluid inlet and a fluid outlet
of the CO shift catalyst. Then, a state of the CO shift catalyst or the CO/H2 concentration ratio of the reformed gas
relating to the degree of deterioration of the catalyst is estimated based on the obtained value indicating the oxygen
absorption capacity. Further, an amount of the reformed gas to be added to the fuel or the exhaust gas of the internal
combustion engine is determined based on the estimated CO/H2 concentration ratio.

[0004] However, it is not easy to precisely obtain the oxygen absorption capacity of the catalyst. Therefore, in the
above-mentioned prior art, it is difficult to easily and precisely determine the state (the degree of deterioration or the
abnormality) of the catalyst.

[0005] DocumentJP 2000268840 A discloses a degradation diagnostic method for a fuel cell power-generation device,
wherein a degradation of a reforming device in a fuel cell system is determined by detecting a temperature of a catalyst
filled layer of the reforming device.

[0006] The present invention is directed to overcome the problems as set forth above.

[0007] This object is solved by an apparatus for determining a state of a reformer as defined in claim 1 or 4, and
alternatively by a method for determining a state of a reformer as defined in claim 7 or 10.

[0008] Advantageous developments are set out in the dependent claims.

[0009] The above and other objects, effects, features and advantages of the present invention will become more
apparent from the following description of embodiments thereof taken in conjunction with the accompanying drawings.

Fig. 1 is a schematic illustration of a vehicle having an internal combustion engine to which is applied an apparatus
for determining a deterioration of a state of a reformer according to a first embodiment of the present invention;

Fig. 2 is a flow chart for explaining a procedure for determining the state of the reformer in the internal combustion
engine of Fig. 1;

Fig. 3 is a graph illustrating a relationship between an air-fuel ratio of a fuel air mixture supplied to the internal
combustion engine and a variation of a rotational speed the engine;

Fig. 4 is a graph relating to an alteration of the first embodiment of the present invention, illustrating the variation of
the rotational speed of the internal combustion engine when anignition timing is changed during an idling of the engine;

Fig. 5 is a flow chart for explaining a procedure for determining the state of the reformer according to the alteration
of the first embodiment of the present invention;

Fig. 6 is a graph relating to a second embodiment of the present invention, illustrating a variation of a torque when
an ignition timing is changed while maintaining a rotational speed and a load of the internal combustion engine at
predetermined values respectively;

Fig. 7 is a flow chart for explaining a procedure for determining the state of the reformer according to a second
embodiment of the present invention;

Fig. 8 is a flow chart for explaining a procedure for determining the state of the reformer according to an alteration
of the second embodiment of the present invention;

Fig. 9 is a graph for explaining the second embodiment of the present invention, illustrating a variation of MFB due
to a deterioration of a reforming catalyst or the like; and
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Fig. 10 is a flow chart for explaining a procedure for determining the state of the reformer according to an alteration
of the second embodiment of the present invention.

[0010] In an internal combustion engine generating power by combustion in a combustion chamber of reformed fuel
produced by a reformer, a reforming catalyst for reforming a fuel air mixture deteriorates with the lapse of time, and an
abnormality or the like may occur in the reformer in some cases. In such cases, a ratio of the reformed gas component
(for example, CO or H,) in the reformed fuel produced in the reformer is reduced, and in accordance therewith, a change
is recognized in operational conditions of the internal combustion engine. The operational conditions of the internal
combustion engine (such as a variation in a rotational speed and a combustion speed) can be easily and precisely
obtained among various parameters relating to an operational state of the reformer by detecting means or engine
operational condition detecting means. Accordingly, as in the present invention, it is possible to easily and precisely find
the deterioration or abnormality of the reforming catalyst by determining whether or not the reformer normally operates
based on the operational condition of the internal combustion engine detected by means for detecting the engine oper-
ational condition.

[0011] The operational condition can be the variation of the rotational speed of the internal combustion engine. The
variation of the rotational speed is preferably a difference of an actual rotational speed from a target rotational speed
when an air-fuel ratio is made to be lean or an ignition timing is retarded at a predetermined condition (for example,
during an idling of the engine) .

[0012] The operational condition may be the combustion speed of the reformed fuel in the internal combustion engine.
The combustion speed of the reformed fuel can be obtained based on any of MBT (Minimum advance for Best Torque),
an internal pressure of a cylinder (MFB: Mass Fraction Burnt) or an exhaust gas temperature of the internal combustion
engine.

[0013] Further, when a non-reformed fuel is supplied to the internal combustion engine together with the reformed
fuel, a criterion for determining whether or not the reformer normally operates is preferably changed in accordance with
a ratio between the reformed fuel and the non-reformed fuel.

[0014] Preferred embodiments according to the present invention will now be described with reference to drawings.

(First Embodiment)

[0015] Fig. 1 is a schematic illustration of a vehicle having an internal combustion engine to which is applied an
apparatus for determining a state of a reformer according to a first embodiment of the present invention. The vehicle
100 shown in Fig. 1 has an internal combustion engine 1 as a power unit for driving wheels W via a trans-axle T. The
internal combustion engine 1 generates power by combustion of a fuel air mixture containing a reformed gas component
in combustion chambers 3 formed in an cylinder block 2 to reciprocate a piston 4 in the respective combustion chambers
3. While only one cylinder is illustrated in Fig. 1, the internal combustion engine 1 of this embodiment is preferably
configured as a multicylinder engine (for example, a four-cylinder engine).

[0016] An intake port of each combustion chamber 3 is connected to an intake pipe 5a constituting an intake manifold
5, while an exhaust port of each combustion chamber 3 is connected to an exhaust pipe 6a constituting an exhaust
manifold 6. Also, in a cylinder head of the internal combustion engine 1, an intake valve Vi for opening and closing the
intake port and an exhaust valves Ve for opening and closing the exhaust port are disposed with respect to each of the
combustion chambers 3. The intake valves Vi and the exhaust valves Ve are operated by a valve-operating mechanism
(not shown) preferably having a variable valve-timing function. Further, in the cylinder head of the internal combustion
engine 1, anignition plug 7 and a cylinder internal pressure sensor 17 are disposed with respect to each of the combustion
chambers 3. The cylinder internal pressure sensor 17 detects an internal pressure (cylinder internal pressure) of the
corresponding combustion chamber 3. Also, the exhaust manifold 6 is provided with an exhaust gas temperature sensor
18 for detecting a temperature of an exhaust gas from the respective combustion chambers 3. The exhaust manifold 6
is connected to a catalyst unit (ternary catalyst) not shown.

[0017] As shown in Fig. 1, the intake manifold 5 (respective intake pipes 5a) is connected to a surge tank 8, and the
intake manifold 5 and the surge tank 8 constitute an air intake system of the internal combustion engine 1. Also, an air
supply pipe L1 is connected to the surge tank 8. The air supply pipe L1 is connected to an air inlet not shown via an air
cleaner 9. A throttle valve (an electronic throttle valve in this embodiment) 10 is incorporated in the air supply pipe L1
between the surge tank 8 and the air cleaner 9.

[0018] Further, the air supply pipe L1 is provided with an air flow meter AFM which is located between the air cleaner
9 and the throttle valve 10. A bypass pipe L2 is branched from the air supply pipe L1 at a branched point BP positioned
between the throttle valve 10 and the air flow meter AFM. The bypass pipe L2 has a flow control valve 11 in the midpoint
thereof. A front end (an end opposite to the branched point BP) of the bypass pipe L2 is connected to a reformer 20.
[0019] The reformer 20 has a generally tubular body 21 closed at opposite ends thereof. The body 21 includes an
air-fuel mixing section 22 and a reforming reaction section 23 adjacent the air-fuel mixing section 22 in the interior thereof.
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A fuel injection valve 15 is connected to the air-fuel mixing section 22 in addition to the bypass pipe L2. The fuel injection
valve 15 is connected to a fuel tank via a fuel pump (not shown respectively) and is capable of injecting a hydrocarbon
fuel such as gasoline into the air-fuel mixing section 22. Also, a reforming catalyst, for example, carrying rhodium on
zirconium oxide is disposed in the reforming reaction section 23. An outlet of the reformer 20 is connected to the surge
tank 8 via a connecting pipe L3. Accordingly, the reformer 20 is disposed to bypass the air supply pipe L1. Further, the
reformer 20 is provided with a temperature sensor 12. In this embodiment, the temperature sensor 12 is attached to the
body 21 to be positioned downstream from the reforming reaction section 23 so that the temperature of the reformed
gas flowing out from the reforming reaction section 23 can be detected.

[0020] Also, the internal combustion engine 1 has a plurality of fuel injection valves 15x. Each intake pipe 5a is provided
with one fuel injection valve 15x so that the fuel (non-reformed fuel, for example, gasoline) in the fuel tank is injected
from the fuel injection valve 15x into the respective intake pipes 5a. Accordingly, in the internal combustion engine 1, it
is possible to obtain the power under the condition in which the reformer 20 is operated or the supply of air and the fuel
to the reformer 20 is stopped. The fuel injection valve 15x may be of a type injecting the fuel directly into the corresponding
combustion chamber 3.

[0021] The above-mentioned ignition plugs (igniter) 7, the valve-operating mechanism, the throttle valve 10, the flow
control valve 11, the temperature sensor 12, the cylinder internal pressure sensors 17, the exhaust gas temperature
sensor 18, the air flow meter AFM and the like are connected to an electronic control unit (hereinafter referred to as
"ECU") 50 serving as means for controlling the internal combustion engine 1. The ECU 50 includes CPU, ROM, RAM,
input/output interfaces and storage devices for memorizing various information and maps. Also, the internal combustion
engine 1 includes a crank angle sensor 19 and accelerator position sensor 51. The crank angle sensor 19 provides the
ECU 50 with a signal indicating a crank angle and the accelerator position sensor 51 provides the ECU 50 with a signal
indicating an operating amount of an accelerator pedal. The ECU 50 controls an opening degree of the throttle valve 10
and the flow control valve 11, a rate of fuel injection through the fuel injection valve 15 or 15x and the ignition timing of
the respective ignition plugs 7 based on the signals from the air flow meter AFM, the crank angle sensor 19, the accelerator
position sensor 51 and the like.

[0022] When the vehicle 100 is driven, air is introduced into the air-fuel mixing section 22 of the reformer 20 via the
flow control valve 11 of the bypass pipe L2 of which opening degree is adjusted by the ECU 50. Also, the fuel such as
gasoline is injected from the fuel injection valve 15 controlled by the ECU 50 into the air-fuel mixing section 22. The fuel
such as gasoline gasifies in the air-fuel mixing section 22 and mixes with air supplied from the bypass pipe L2, so that
a fuel air mixture flows into the reforming reaction section 23. In the reforming reaction section 23, the hydrocarbon fuel
and air are reacted each other by the reforming catalyst, so that the partially oxidation reaction represented by the
following equation (1) is proceeded.

C.H, ,u%-o2 —>m-C0+%-H2 )

[0023] By the proceeding of the reaction represented by the above equation (1), the reformed gas (reformed fuel)
containing CO and H, (components of the reformed gas) is produced. The resultant reformed gas is introduced into the
surge tank 8 via the connecting pipe L3. Also, air is introduced into the surge tank 8 via the throttle valve 10 of the air
supply pipe L1 which opening degree is adjusted by the ECU 50. Accordingly, the reformed gas introduced from the
reformer 20 into the surge tank 8 is further mixed with air, and thereafter, sucked into the respective combustion chambers
3. When each ignition plug 7 is operated at the predetermined timing, the reformed gas components of CO and H, burn
within the respective combustion chambers 3. As a result, the piston 4 reciprocates within the respective combustion
chambers 3 so that the driving wheels W can be driven through the trans-axle T.

[0024] As described above, the internal combustion engine 1 of the vehicle 100 is driven by using the reformed gas
(reformed fuel) produced by the reformer 20. With the lapse of time, however, the reforming catalyst disposed in the
reforming reaction section 23 of the reformer 20 is deteriorated. Thus, the concentration of CO and H, in the reformed
gas produced in the reforming reaction section 23 becomes also less as the reforming catalyst has been deteriorated.
This may result in the problem in that a desired torque is not obtained from the internal combustion engine 1 or the
exhaust gas emission becomes worse. Also, there may be some trouble to disturb the normal production of the reformed
gas in the reformer 20. Therefore, to drive the internal combustion engine 1 and the vehicle 100 stably, it is important
to precisely know whether or not the reformer 20 normally operates, that is, the degree of deterioration and the abnormality
of the reforming catalyst. For this purpose, in the internal combustion engine 1 of the vehicle 100, the ECU 50 and
various sensors constitute an apparatus for determining a state of the reformer 20. That is, the ECU 50 executes a
procedure for determining the state of the reformer 20 during the operation of the reformer 20 under the predetermined
engine operational condition, as shown in Fig. 2.



10

15

20

25

30

35

40

45

50

55

EP 1 510 683 B1

[0025] According to this embodiment, as shown in Fig. 2, the procedure for determining the state of the reformer 20
is executed during an idling of the internal combustion engine 1 in which the rotational speed of the engine 1 is generally
constant and substantially no load is applied to the engine 1. The ECU 50 determines whether or not the internal
combustion engine 1 is idling at the timing when the determination of the reformer state is to be executed (S10). When
the internal engine 1 is idling, the ECU 50 controls at least one of the throttle valve 10, the flow control valve 11 and the
fuel injection valve 15 so as to make the fuel air mixture of the reformed fuel and air to be supplied to the respective
combustion chambers 3 to be (slightly) lean at a predetermined ratio (S12).

[0026] Then, the ECU 50 obtains an air-fuel ratio of the fuel air mixture to be supplied to the respective combustion
chambers 3 based on a measured value of the air flow meter AFM, the fuel injection rate through the fuel injection valve
15 and the like. Further, the ECU 50 determines whether or not the obtained air-fuel ratio reaches a predetermined
target value (S14). This target value has been determined to be lean to an extent (larger than a theoretical air-fuel ratio)
so that a variation of a rotational speed of the internal combustion engine 1 during the idling is not so significant. The
ECU 50 gradually makes the fuel air mixture to be lean at S12, until it determines at S14 that the air-fuel ratio of the fuel
air mixture to be supplied to the respective combustion chambers 3 reaches the predetermined target value. When
determining that the air-fuel ratio of the fuel air mixture has reached the predetermined target value (S14) , the ECU 50
obtains a difference of an actual rotational speed of the internal combustion engine 1 from a target rotational speed
during the idling (the variation of the rotational speed) based on the signal from the crank angle sensor 19 (S16).
[0027] When making the fuel air mixture supplied to the respective combustion chambers 3 to be lean during the idling
in which the rotational speed of the engine 1 is generally constant and substantially no load is applied to the engine 1,
as seen from Fig. 3, the difference of the actual rotational speed of the engine 1 from the target rotational speed during
the idling does not excessively increase, but gradually increases, provided no deterioration occurs in the reforming
catalyst and the reformer 20 normally operates. Contrarily, if the deterioration of the reforming catalyst has reached an
advanced stage, the difference of the actual rotational speed of the engine 1 from the target rotational speed during the
idling becomes larger as the fuel air mixture to be supplied to the respective combustion chambers 3 is leaner as shown
by a one-dot chain line in Fig. 3. Further, when the deterioration of the reforming catalyst exceeds an allowable limit or
there is any abnormality in the reformer 20, the difference of the actual rotational speed of the engine 1 from the target
rotational speed during the idling suddenly increases to exceed a predetermined threshold value Nr if the fuel air mixture
supplied to the respective combustion chambers 3 is made to be lean to a some extent as shown by a two-dot chain
line in Fig. 3.

[0028] In view of the foregoing, in the vehicle 100 of this embodiment, the threshold value Nr described above is
obtained in advance based on experimental data or others and stores in a memory of the ECU 50. When the variation
of the rotational speed obtained at S16 exceeds the threshold value Nr, the ECU 50 determines that the reforming
catalyst has deteriorated or the abnormality occurs in the reformer 20 (S18) , and makes a predetermined warning lamp
52 of the vehicle 100 light up (S20). On the other hand, when it is determined at S18 that the variation of the rotational
speed is less or equal to the threshold value Nr, the ECU 50 considers that the reforming catalyst does not deteriorate
and there is no abnormality in the reformer 20, and waits for the next timing for executing the procedure for determining
the state of the reformer 20.

[0029] As described above, according to the vehicle 100 of this embodiment, it is determined whether or not the
reformer 20 normally operates based on the variation of the rotational speed (operational condition) of the internal
combustion engine 1 detected by ECU 50 and the crank angle sensor 19 (engine operational condition detecting means),
in view of a fact that a ratio of the reformed gas component (for example, CO or H,) in the reformed gas produced in
the reformer 20 lowers due to the deterioration of the reforming catalyst or others, and in accordance therewith, the
operational condition of the internal combustion engine 1 varies. In this case, the variation the rotational speed of the
internal combustion engine 1 (the difference from the target value) is one which is easily and precisely obtainable among
various parameters relating to the operational state of the reformer 20. Accordingly, it is possible to easily and precisely
find the deterioration or the abnormality of the reforming catalyst in the internal combustion engine 1.

[0030] In addition, at S14, instead of obtaining the air-fuel ratio of the fuel air mixture to be supplied to the respective
combustion chambers 3 based on the measured value of the air flow meter AFM, the fuel injection rate through the fuel
injection valve 15 and the like, the air-fuel ratio of the fuel air mixture may be obtained based on the air-fuel ratio of the
exhaust gas detected by an exhaust gas A/F sensor (not shown) provided in the exhaust pipe 6a. Also, instead of or in
addition to lighting the warning lamp 52 at S20, a fact that the deterioration occurs may be recorded in a predetermined
location of the memory.

[0031] Further, in the above-mentioned internal combustion engine 1, the reformed gas (reformed fuel) produced in
the reformer 20 and fuel (non-reformed fuel) from the fuel injection valve 15x may be simultaneously used. In such a
case, the above threshold value Nr for determining whether or not the reformer 20 normally operates is preferably
changed in accordance with a ratio of the reformed gas and the non-reformed gas (a ratio of an amount of the fuel
supplied to the reformer 20 relative to an amount of the fuel injected from the fuel injection valve 15x). For this purpose,
a map defining a relationship between the ratio of the reformed gas to the non-reformed gas and the threshold value Nr
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may be stored in the memory of ECU 50. In this case, the ratio of the reformed gas to the non-reformed gas is obtained
prior to S18 in Fig. 2, and the threshold value Nr corresponding to the obtained ratio is read from the map.

[0032] Fig. 4 relates to an alteration of the first embodiment according to the present invention. Fig. 4 shows the
variation of the rotational speed of the internal combustion engine 1 when the ignition timing of the ignition plug 7 varies
during the idling of the engine 1. When the ignition timing is being retarded in the respective combustion chambers 3
during the idling in which the engine rotational speed is maintained generally constant and substantially no load is applied
to the engine 1, the variation of the rotational speed, that is, the difference of the actual rotational speed of the engine
1 from the target rotational speed during the idling is within a predetermined range as shown by a solid line in Fig. 4,
provided the reforming catalyst does not deteriorate and the reformer 20 normally operates. Contrarily, when the dete-
rioration of the reforming catalyst has reached an advanced stage, as the ignition timing is retarded in the respective
combustion chambers 3 during the idling, the variation of the rotational speed (the difference of the actual rotational
speed from the target rotational speed) becomes larger as shown by a one-dot chain line in Fig. 4. Further, if the
deterioration of the reforming catalyst exceeds the allowable limit or there is any abnormality in the reformer 20, the
variation of the rotational speed exceeds a predetermined threshold value Nr’ as shown by a two-dot chain line in Fig.
4 as the ignition timing is retarded to some extent in the respective combustion chambers 3 during the idling.

[0033] Accordingly, it is possible to use a procedure shown in Fig. 5 instead of the procedure shown in Fig. 2 in the
internal combustion engine 1. In the procedure of Fig. 5, the operational state of the reformer 20 is determined based
on the variation of the rotational speed obtained when the ignition timing is retarded under the predetermined engine-op-
erational condition. In this embodiment, the procedure for determining the state of the reformer 20 is executed during
the idling of the internal combustion engine 1 in which the engine rotational speed is maintained generally constant and
substantially no load is applied to the engine 1. The ECU 50 determines whether or not the internal combustion engine
1 is idling when the timing has been reached at which the procedure for determining the state of the reformer 20 is to
be executed (S30). Further, the ECU 50 retards the ignition timing in the respective combustion chambers 3 by a
predetermined angle when it is necessary to execute the procedure and the internal combustion engine 1 is idling (S32).
[0034] When the ignition timing has been retarded in the respective combustion chambers 3 and the ignition is carried
out in the respective combustion chambers 3, the ECU 50 obtains the difference of the actual rotational speed of the
internal combustion engine 1 from the target rotational speed during the idling (the variation of the rotational speed)
based on the signal from the crank angle sensor 19 (S34). When the difference exceeds the above-mentioned threshold
value Nr’, the ECU 50 determines that the reforming catalyst has deteriorated or there is any abnormality in the reformer
20 (S36) and makes the warning lamp 52 of the vehicle 100 light up (S38). In addition, instead of or in addition to lighting
the warning lamp 52 at S38, a fact that the deterioration occurs may be recorded in a predetermined location of the
memory. On the other hand, if it is determined that the variation of the rotational speed is lower than the threshold value
Nr’ at S36, the ECU 50 considers that the reforming catalyst does not deteriorate and there is no abnormality in the
reformer 20, and waits for the next timing for executing the procedure for determining the state of the reformer 20.
[0035] As shown in Fig. 5, if the operational state of the reformer 20 is determined based on the variation of the
rotational speed when the ignition timing is retarded under the predetermined engine operational condition, it is possible
to easily and precisely find the deterioration or the abnormality of the reforming catalyst while securely avoiding a
miss-firing in the respective combustion chambers 3. When the reformed gas (reformed fuel) produced in the reformer
20 and the fuel (non-reformed fuel) from the fuel injection valve 15x are simultaneously used, the threshold value Nr’
for determining whether or not the reformer 20 normally operates is preferably changed in accordance with a ratio of
the reformed gas to the non-reformed fuel. Further, the procedure of Fig. 2 and the procedure of Fig. 5 can be combined
to each other. That is, the procedure for determining the state of the reformer 20 may be executed based on the variation
of the rotational speed when the air-fuel ratio of the fuel air mixture supplied to the respective combustion chambers 3
is made be lean and the ignition timing is retarded in the respective combustion chambers 3 during the idling of the
internal combustion engine 1. In this embodiment, while the description has been made in that the threshold value Nr’
is made to change in accordance with the ratio of the reformed gas to the non-reformed fuel, this is not limitative. The
target air-fuel ratio at S12 or the target ignition timing at S32 may be changed in accordance with the ratio of the reformed
gas to the non-reformed fuel while maintaining the threshold value Nr constant.

(Second Embodiment)

[0036] A second embodiment of the present invention will be described below with reference to Figs. 6 and 7. The
same elements as those described with reference to the first embodiment are referred to same reference numerals and
same description will be omitted.

[0037] Fig. 6is a graph illustrating a variation of a torque when an ignition timing of the ignition plug 7 is changed while
maintaining a rotational speed and a load of the internal combustion engine 1 at predetermined values respectively. As
seen from Fig. 6, when the reformer 20 normally operates, an optimum ignition timing (MBT: minimum advance for best
torque) is on the retard side at which a combustion speed of the fuel air mixture is maintained at a high level in the
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respective combustion chambers 3 and a large torque can be obtained while no knocking occurs.

[0038] On the other hand, as the deterioration of the reforming catalyst has reached an advanced stage, an amount
of reformed gas produced in the reformer 20 becomes less to lower the combustion speed of the fuel air mixture.
Therefore, MBT shifts to the advance side as shown by a one-dot chain line in Fig. 6, when the rotational speed and the
load (amount of intake air) of engine are maintained at predetermined values respectively. Further, if the deterioration
of the reforming catalyst exceeds the allowable limit or there is any abnormality in the reformer 20, MBT exceeds a
predetermined threshold (angle) 6r as shown by a two-dot chain line in Fig. 6.

[0039] Accordingly, the operational state of the reformer 20 may be determined based on the combustion speed of
the fuel air mixture or MBT of the engine 1 under the condition in which the rotational speed and the load (amount of
intake air) of the engine 1 are maintained at predetermined values respectively. That is, the operational state of the
reformer 20 may be determined based on MBT of the internal combustion engine 1. In this case, as shown in Fig. 7,
when the timing has been reached, at which the procedure for determining the state of the reformer 20 is to be executed,
the ECU 50 sets the rotational speed and the amount of intake air (load) of the internal engine 1 to predetermined
constant values respectively (S40). Further, the ECU 50 advances the ignition timing in the respective combustion
chambers 3 by a predetermined angle (S42), and obtains a torque generated by the internal combustion engine 1 at
this stage based on the signal from the crank angle sensor 19 (engine rotational speed) and a predetermined map
defining a relationship between the engine rotational speed and the torque generated by the engine 1 (S44).

[0040] When the torque generated by the engine 1 has been obtained, the ECU 50 determines whether or not the
ignition timing set at S42 is MBT based on the variation of the torque in the engine 1 obtained at S44 (S46). In this
embodiment, if the torque generated by the engine 1 becomes generally constant for a predetermined period, it is
determined that the ignition timing set at S42 is MBT. The ECU 50 advances the ignition timing in the respective
combustion chambers 3 at S42 until a positive determination has been done at S46. When determining that the ignition
timing set at S42 is MBT (S46), the ECU 50 further determines whether or not MBT, i.e., the ignition timing defined at
S42 exceeds the predetermined threshold (angle) 6r (S48).

[0041] As described above, MBT shifts toward the advance side as the deterioration of the catalyst has progressed.
Then, MBT exceeds the predetermined threshold value (angle) 6r when the deterioration of the catalyst exceeds the
allowable limit or there is any abnormality in the reformer 20. Accordingly, the ECU 50 determines that the reforming
catalyst has deteriorated or there is any abnormality in the reformer 20 (S48) when MBT, i.e., the ignition timing set at
S42 exceeds the threshold value 6r, and makes the warning lamp 52 of the vehicle 100 light up (S50). Contrarily, when
itis determined that MBT does not exceed the threshold value 6r, the ECU 50 considers that the reforming catalyst does
not deteriorate and no abnormality occurs in the reformer 20, and waits for the next timing for executing the procedure
for determining the state of the reformer 20.

[0042] Itis also possible to easily and precisely find the deterioration of the catalyst or the abnormality by determining
the operational state of the reformer 20 based on MBT of the internal combustion engine 1 as shown in Fig. 7. If the
state of the reformer 20 is determined based on MBT of the internal combustion engine 1, it is possible to easily and
precisely find the deterioration or the abnormality of reforming catalyst even if the internal combustion engine 1 is loaded
(out of the idling), irrespective of a magnitude of load applied to the engine 1. Also, in this case, when the reformed gas
(reformed fuel) produced from the reformer 20 is used together with the fuel (non-reformed gas) from the fuel injection
valve 15x, the threshold value 6r for determining whether or not the reformer 20 normally operates is preferably changed
in accordance with the ratio of the reformed gas to the non-reformed fuel.

[0043] On the other hand, according to the internal combustion engine 1 including the cylinder internal pressure sensor
17, the operational state of the reformer 20 (such as the deterioration degree of catalyst) may be determined based on
the combustion speed of the fuel air mixture in the respective combustion chambers 3 obtained from the cylinder internal
pressure detected by the cylinder internal pressure sensor 17. That is, since the combustion speed of the fuel air mixture
in the respective combustion chambers 3 is accurately calculated from MFB (Mass Fraction Burnt) obtained based on
the cylinder internal pressure detected by the cylinder internal pressure sensor 17, it is possible to determine the oper-
ational state of the reformer 20 based on MFB in the respective combustion chambers 3.

[0044] In this case, as shown in Fig. 8, when the timing has been reached for executing the procedure for determining
the state of the reformer 20, the ECU 50 sets the rotational speed and the amount of intake air (load) of the internal
combustion engine 1 to predetermined constant values respectively (S60). The procedure of Fig. 8 can be executed
during the idling of the internal combustion engine 1, wherein the ECU 50 sets the rotational speed and the amount of
intake air of the internal engine 1 to values required for the idling respectively.

[0045] After the rotational speed and the amount of intake air (load) of the engine 1 are set to the predetermined
constant values at S60, the ECU 50 starts the calculation of MFB by using a predetermined equation or others at a
criterion time sufficiently before the timing (ignition timing) at which the combustion starts in the respective combustion
chambers 3 has been reached (S62). The ECU 50 continues the process of S62 until it determines that the calculated
MFB reaches approximately 100% at S64.

[0046] If the reforming catalyst does not deteriorates and the reformer 20 normally operates, the combustion speed



10

15

20

25

30

35

40

45

50

55

EP 1 510 683 B1

of the fuel air mixture in the combustion chamber 3 is maintained at a high level and MFB rapidly becomes approximately
100% after the combustion has started in the combustion chamber 3 as shown by a solid line in Fig. 9. Contrarily, when
the deterioration of the reforming catalyst in the reformer 20 has reached an advanced stage, the production of the
reformed gas in the reformer 20 decreases to lower the combustion speed of the fuel air mixture in the combustion
chamber 3. Therefore, a crank angle at MFB = 100% becomes larger as shown by a one-dot chain line in Fig. 9. Further,
if the deterioration of the reforming catalyst exceeds the allowable limit or there is any abnormality in the reformer 20,
the crank angle at MFB = 100% exceeds a predetermined threshold value (angle) 6x as shown by a two-dot chain line
in Fig. 9.

[0047] Accordingly, when it is determined at S64 that MFB calculated at S62 reaches approximately 100%, the ECU
50 obtains a crank angle in the respective combustion chambers 3 when MFB reaches approximately 100% (S66). Then,
the ECU 50 obtains an average value 61 of the crank angles obtained at S66. ECU 50 compares the crank angle 61
(average value) with the threshold value 6x (S68). If it is determined at S68 that the crank angle 61 exceeds the threshold
value 0x, the ECU 50 determines that the reforming catalyst has deteriorated or there has been any abnormality in the
reformer 20, and makes the warning lamp 52 of the vehicle 100 light up (S70). Contrarily, if it is determined at S68 that
the crank angle 61 does not exceeds the threshold value 6x, the ECU 50 considers that the reforming catalyst does not
deteriorate and there is no abnormality in the reformer 20 and waits for the next timing for executing the procedure for
determining the state of the reformer 20.

[0048] As shown in Fig. 8, if the operational state of the reformer 20 is determined based on the cylinder internal
pressure (MFB), it is possible to easily and precisely find the deterioration or the abnormality of the reforming catalyst.
Particularly, if the condition of the reformer 20 is determined based on MFB of the internal combustion engine 1, it is
possible easily and precisely find the deterioration or the abnormality of the reforming catalyst, irrespective of a load
applied to the internal combustion engine 1, even if the engine 1 is loaded (outside the idling). Also, in this case, when
the reformed gas produced in the reformer 20 (reformed fuel) and fuel from the fuel injection valve 15x (non-reformed
fuel) are simultaneously used, the threshold value 6x for determining whether or not the reformer 20 normally operates
is preferably changed in accordance with a ratio of the reformed gas to the non-reformed fuel. In addition, the state of
the reformer 20 may be determined based on the variation of the crank angle, for example, from a point at which MFB
reaches 10% to a point at which MFB reaches 90%, instead of using the crank angle at which MFB reaches approximately
100%. That is, since the combustion speed becomes slow when the reforming catalyst has deteriorated, it is possible
to determine the state of the reformer 20 by using the above-mentioned variation of the crank angle.

[0049] Further, in the internal combustion engine 1 of Fig. 1 including the exhaust gas temperature sensor 18, the
operational state of the reformer 20 may be determined based on the combustion speed of the fuel air mixture in the
respective combustion chambers 3 obtained from the exhaust gas temperature detected by the exhaust gas temperature
sensor 18. That is, the combustion speed of the fuel air mixture in the respective combustion chambers 3 has the relation
to the exhaust gas temperature detected by the exhaust gas temperature sensor 18 and is obtained from the value
detected by the exhaust gas temperature sensor 18. Accordingly, it is possible to determine the operational state of the
reformer 20 based on the exhaust gas temperature detected by the exhaust gas temperature sensor 18.

[0050] In this case, as shown in Fig. 10, the ECU 50 sets the rotational speed and the amount of intake air (load) of
the internal combustion engine 1 to predetermined constant values respectively (S80). The procedure of Fig. 10 may
be executed during the idling of the internal combustion engine 1, wherein the ECU 50 sets the rotational speed and
the amount of intake air to values required for the idling respectively. After the rotational speed and the amount of intake
air of the engine 1 are set to the predetermined values at S80, the ECU 50 obtains the temperature of the exhaust gas
from the respective combustion chambers 3 based on the signal from the exhaust gas temperature sensor 18 (S82).
[0051] Since the combustion speed of the fuel air mixture in the combustion chamber 3 is maintained at a high level,
the exhaust gas temperature is maintained at a relatively low level if the reforming catalyst has not deteriorated and the
reformer 20 has normally operated. Contrarily, since the amount of the reformed gas produced in the reformer 20
decreases tolower the combustion speed of the fuel air mixture in the combustion chamber 3, the exhaust gas temperature
becomes higher if the deterioration of the reforming catalyst in the reformer 20 has reached an advanced stage. Further,
when the deterioration of the reforming catalyst exceeds the allowable limits or there is any abnormality in the reformer
20, the exhaust gas temperature exceeds a predetermined threshold value.

[0052] Accordingly, the ECU 50 obtains the exhaust gas temperature at S82 and then compares the same with the
threshold value (S84). If the exhaust gas temperature exceeds the threshold value, the ECU 50 determines that the
reforming catalyst has deteriorated or there is any abnormality in the reformer 20, and makes the warning lamp 52 of
the vehicle 100 light up (S86). On the other hand, if it is determined that the exhaust gas temperature does not exceed
the threshold value at S84, the ECU 50 determines that the reforming catalyst does not deteriorate and there is no
abnormality in the reformer 20, and waits for the next timing for executing the procedure for determining the state of the
reformer 20.

[0053] AsshowninFig. 10, itis also possible to easily and precisely find the deterioration or abnormality of the reforming
catalyst by determining the operational state of the reformer 20 based on the exhaust gas temperature of the internal
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combustion engine 1. If the state of the reformer 20 is determined based on the exhaust gas temperature in the internal
combustion engine 1, itis possible easily and precisely find the deterioration or the abnormality of the reforming catalyst,
irrespective of a load applied to the internal combustion engine 1, even if the engine 1 is loaded (outside the idling).
Also, in this case, when the reformed gas produced in the reformer 20 (reformed fuel) and fuel from the fuel injection
valve 15x (non-reformed fuel) are simultaneously used, the threshold value 6x for determining whether or not the reformer
20 normally operates is preferably changed in accordance with a ratio of the reformed gas to the non-reformed fuel.
[0054] Aninternal combustion engine (1) includes a reformer (20) for reforming a fuel air mixture to produce a reformed
gas, a crank angle sensor (19) for detecting a rotational speed of the engine (1), and an ECU (50). The ECU (50) obtains
a difference of an actual rotational speed from a target rotational speed of the engine (1) during an idling thereof based
on a signal from the crank angle sensor (19). When the difference thus obtained exceeds a predetermined threshold
value, the ECU (50) determines that a reforming catalyst of the reformer (20) has deteriorated or there is any abnormality
in the reformer (20).

Claims

1. An apparatus for determining a state of a reformer (20) for producing a reformed fuel to be supplied to an internal
combustion engine (1) by reforming a fuel air mixture, comprising:

detecting means (19) for detecting an operational condition of said internal combustion engine (1); and
determining means (50) for determining whether or not said reformer normally operates based on said operational
condition of said internal combustion engine (1) detected by said detecting means (19),

wherein said operational condition is a variation of a rotational speed of said internal combustion engine.

2. An apparatus of claim 1, wherein said variation of said rotational speed is a difference of an actual rotational speed
from a target rotational speed when an air-fuel ratio of said internal combustion engine (1) is made to be lean under
a predetermined condition.

3. Anapparatus of claim 1, wherein said variation of said rotational speed is a difference of an actual rotational speed
from a target rotational speed when an ignition timing is retarded under a predetermined condition.

4. An apparatus for determining a state of a reformer (20) for producing a reformed fuel to be supplied to an internal
combustion engine (1) by reforming a fuel air mixture, comprising:

detecting means (18) for detecting an operational condition of said internal combustion engine (1); and
determining means (50) for determining whether or not said reformer (20) normally operates based on said
operational condition of said internal combustion engine (1) detected by said detecting means (18),

wherein said operational condition is a combustion speed of said reformed fuel in said internal combustion
engine (1).

5. An apparatus of claim 4, wherein said combustion speed of said reformed fuel is obtained based on MBT being a
Minimum advance for Best Torque of said internal combustion engine (1), a cylinder internal pressure, a mass
fraction burnt or an exhaust gas temperature.

6. Anapparatus of claim 1 or 4, wherein said internal combustion engine (1) is supplied with said reformed fuel together
with a non-reformed fuel, and wherein a criterion for determining whether or not said reformer (20) normally operates

is changed in accordance with a ratio of said reformed fuel to said non-reformed fuel.

7. A method for determining a state of a reformer (20) for producing a reformed fuel to be supplied to an internal
combustion engine (1) by reforming a fuel air mixture, comprising the steps of:

(a) detecting an operational condition of said internal combustion engine (1); and
(b) determining whether or not said reformer (20) normally operates based on said operational condition detected
at step (a),

wherein said operational condition is a variation of a rotational speed of said internal combustion engine (1).

8. A method of claim 7, wherein said variation of said rotational speed is a difference of an actual rotational speed
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from a target rotational speed when an air-fuel ratio of said internal combustion engine (1) is made to be lean under
a predetermined condition.

A method of claim 7, wherein said variation of said rotational speed is a difference of an actual rotational speed
from a target rotational speed when an ignition timing is retarded under a predetermined condition.

A method for determining a state of a reformer (20) for producing a reformed fuel to be supplied to an internal
combustion engine (1) by reforming a fuel air mixture, comprising the steps of:

(a) detecting an operational condition of said internal combustion engine (1); and
(b) determining whether or not said reformer (20) normally operates based on said operational condition detected
at step (a),

wherein said operational condition is a combustion speed of said reformed fuel in said internal combustion engine (1).
A method of claim 10, wherein said combustion speed of said reformed fuel is obtained based on MBT being a
Minimum advance for Best Torque of said internal combustion engine (1), a cylinder internal pressure, a mass

fraction burnt or an exhaust gas temperature.

A method of claim 7 or 10, wherein said internal combustion engine (1) is supplied with said reformed fuel together
with a non-reformed fuel, said method further comprising the step of:

(c) changing a criterion for determining whether or not said reformer (20) normally operates in accordance with
a ratio of said reformed fuel to said non-reformed fuel.

Patentanspriiche

1.

Vorrichtung zur Bestimmung des Zustands eines Reformers (20) zur Erzeugung von reformierten Kraftstoff, der
einer Brennkraftmaschine (1) zuzufiihren ist, durch Reformieren eines Luft-Kraftstoff-Gemisches, mit

einer Erfassungseinrichtung (19) zur Erfassung einer Betriebsbedingung der Brennkraftmaschine (1); und

einer Bestimmungseinrichtung (50) zur Bestimmung, ob der Reformer normal arbeitet oder nicht, auf der Grundlage
der durch die Erfassungseinrichtung (19) erfassten Betriebsbedingung der Brennkraftmaschine (1),

wobei die Betriebsbedingung eine Variation einer Drehzahl der Brennkraftmaschine ist.

Vorrichtung nach Anspruch 1, wobei die Variation der Drehzahl eine Differenz einer tatsdchlichen Drehzahl von
einer Solldrehzahl ist, wenn ein Luft-Kraftstoff-Verhaltnis der Brennkraftmaschine (1) unter einer vorbestimmten
Bedingung mager gemacht ist.

Vorrichtung nach Anspruch 1, wobei die Variation der der Drehzahl eine Differenz einer tatsachlichen Drehzahl von
einer Solldrehzahl ist, wenn ein Ziindzeitpunkt unter einer vorbestimmten Bedingung verzdgert ist.

Vorrichtung zur Bestimmung des Zustands eines Reformers (20) zur Erzeugung von reformierten Kraftstoff, der
einer Brennkraftmaschine (1) zuzufiihren ist, durch Reformieren eines Luft-Kraftstoff-Gemisches, mit

einer Erfassungseinrichtung (19) zur Erfassung einer Betriebsbedingung der Brennkraftmaschine (1); und

einer Bestimmungseinrichtung (50) zur Bestimmung, ob der Reformer normal arbeitet oder nicht, auf der Grundlage
der durch die Erfassungseinrichtung (19) erfassten Betriebsbedingung der Brennkraftmaschine (1),

wobei die Betriebsbedingung eine Verbrennungsgeschwindigkeit des reformierten Kraftstoffs in der Brennkraftma-
schine (1) ist.

Vorrichtung nach Anspruch 4, wobei die Verbrennungsgeschwindigkeit des reformierten Kraftstoffs auf der Grund-
lage eines MBT, das eine minimale Voreilung fiir bestes Drehmoment der Brennkraftmaschine (1) ist, eines Zylin-
derinnendrucks, eines verbrannten Masseanteils oder einer Abgastemperatur erhalten wird.

Vorrichtung nach Anspruch 1 oder 4, wobei der Brennkraftmaschine (1) der reformierte Kraftstoff zusammen mit
nichtreformierten Kraftstoff zugeflihrt wird, und wobei ein Kriterium zur Bestimmung, ob der Reformer (20) normal
arbeitet oder nicht, entsprechend einem Verhaltnis des reformierten Kraftstoffs zu dem nichtreformierten Kraftstoff
geandert wird.
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Verfahren zur Bestimmung des Zustands eines Reformers (20) zur Erzeugung von reformierten Kraftstoff, der einer
Brennkraftmaschine (1) zuzufiihren ist, durch Reformieren eines Luft-Kraftstoff-Gemisches, mit den Schritten

(a) Erfassen einer Betriebsbedingung der Brennkraftmaschine (1); und
(b) Bestimmen, ob der Reformer (20) normal arbeitet oder nicht, auf der Grundlage der in Schritt (a) erfassten
Betriebsbedingung der Brennkraftmaschine (1),

wobei die Betriebsbedingung eine Variation einer Drehzahl der Brennkraftmaschine ist.

Verfahren nach Anspruch 7, wobei die Variation der Drehzahl eine Differenz einer tatsachlichen Drehzahl von einer
Solldrehzahl ist, wenn ein Luft-Kraftstoff-Verhaltnis der Brennkraftmaschine (1) unter einer vorbestimmten Bedin-
gung mager gemacht ist.

Verfahren nach Anspruch 7, wobei die Variation der der Drehzahl eine Differenz einer tatsachlichen Drehzahl von
einer Solldrehzahl ist, wenn ein Ziindzeitpunkt unter einer vorbestimmten Bedingung verzdgert ist.

Verfahren zur Bestimmung des Zustands eines Reformers (20) zur Erzeugung von reformierten Kraftstoff, der einer
Brennkraftmaschine (1) zuzufiihren ist, durch Reformieren eines Luft-Kraftstoff-Gemisches, mit den Schritten

(a) Erfassen einer Betriebsbedingung der Brennkraftmaschine (1); und
(b) Bestimmen, ob der Reformer (20) normal arbeitet oder nicht, auf der Grundlage der in Schritt (a) erfassten
Betriebsbedingung der Brennkraftmaschine (1),

wobei die Betriebsbedingung eine Verbrennungsgeschwindigkeit des reformierten Kraftstoffs in der Brennkraftma-
schine (1) ist.

Verfahren nach Anspruch 10, wobei die Verbrennungsgeschwindigkeit des reformierten Kraftstoffs auf der Grundlage
eines MBT, das eine minimale Voreilung fir bestes Drehmoment der Brennkraftmaschine (1) ist, eines Zylinderin-
nendrucks, eines verbrannten Masseanteils oder einer Abgastemperatur erhalten wird.

Verfahren nach Anspruch 7 oder 10, wobei der Brennkraftmaschine (1) der reformierte Kraftstoff zusammen mit
nichtreformierten Kraftstoff zugefiihrt wird, wobei das Verfahren weiterhin den Schritt aufweist:

(c) Andern eines Kriteriums zur Bestimmung, ob der Reformer (20) normal arbeitet oder nicht, entsprechend
einem Verhaltnis des reformierten Kraftstoffs zu dem nichtreformierten Kraftstoff.

Revendications

1.

Appareil destiné a déterminer un état d’'un reformeur (20) permettant de produire un combustible reformeé afin d’étre
alimenté a un moteur a combustion interne (1) par reformage d’'un mélange air-combustible, comprenant :

un moyen de détection (19) destiné a détecter une condition de fonctionnement dudit moteur a combustion
interne (1) ; et

un moyen de détermination (50) destiné a déterminer si ledit reformeur fonctionne normalement ou non sur la
base de ladite condition de fonctionnement dudit moteur a combustion interne (1) détectée par ledit moyen de
détection (19),

dans lequel ladite condition de fonctionnement est une variation de la vitesse de rotation dudit moteur a com-
bustion interne.

Appareil de la revendication 1, dans lequel ladite variation de ladite vitesse de rotation est une différence entre une
vitesse de rotation actuelle et une vitesse de rotation cible lorsqu’un rapport air-combustible dudit moteur a com-
bustion interne (1) est amené a étre pauvre sous une condition prédéterminée.

Appareil de la revendication 1, dans lequel ladite variation de ladite vitesse de rotation est une différence entre une

vitesse de rotation actuelle et une vitesse de rotation cible lorsque un temps d’allumage est retardé sous une
condition prédéterminée.
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Appareil destiné a déterminer un état d’'un reformeur (20) permettant de produire un combustible reformeé afin d’étre
alimenté a un moteur a combustion interne (1) par reformage d’'un mélange air-combustible, comprenant :

un moyen de détection (18) destiné a détecter une condition de fonctionnement dudit moteur a combustion
interne (1) ; et

un moyen de détermination (50) destiné a déterminer si ledit reformeur (20) fonctionne normalement ou non
sur la base de ladite condition de fonctionnement dudit moteur a combustion interne (1) détectée par ledit moyen
de détection (18),

dans lequel ladite condition de fonctionnement est une vitesse de combustion dudit combustible reformé dans
ledit moteur a combustion interne (1).

Appareil de la revendication 4, dans lequel ladite vitesse de combustion dudit combustible reformé est obtenue sur
la base d’'une MBT qui est une Avance Minimale pour un Meilleur Couple dudit moteur & combustion interne (1),
d’une pression a l'intérieur du cylindre, d’'une fraction massique brilée ou d’'une température de gaz d’échappement.

Appareil de la revendication 1 ou 4, dans lequel ledit moteur a combustion interne (1) est alimenté avec ledit
combustible reformé et un combustible non reformé, et ou un critere permettant de déterminer si ledit reformeur
(20) fonctionne normalement ou non est modifié en fonction d’'un rapport dudit combustible reformé sur ledit com-
bustible non reformé.

Procédé destiné a déterminer un état d’'un reformeur (20) permettant de produire un combustible reformé afin d’étre
alimenté a un moteur a combustion interne (1) par reformage d’'un mélange air-combustible, comprenant les étapes
consistant :

(a) a détecter une condition de fonctionnement dudit moteur a combustion interne (1) ; et
(b) a déterminer si ledit reformeur (20) fonctionne normalement ou non sur la base de ladite condition de
fonctionnement détectée a I'étape (a),

dans lequel ladite condition de fonctionnement est une variation d’une vitesse de rotation dudit moteur a combustion
interne (1).

Procédé de la revendication 7, dans lequel ladite variation de ladite vitesse de rotation est une différence entre une
vitesse de rotation actuelle et une vitesse de rotation cible lorsqu’un rapport air-combustible dudit moteur a com-
bustion interne (1) est amené a étre pauvre sous une condition prédéterminée.

Procédé de la revendication 7, dans lequel ladite variation de ladite vitesse de rotation est une différence entre une
vitesse de rotation actuelle et une vitesse de rotation cible lorsqu’un temps d’allumage est retardé sous une condition
prédéterminée.

Procédé destiné a déterminer un état d’'un reformeur (20) permettant de produire un combustible reformé afin d’étre
alimenté a un moteur a combustion interne (1) par reformage d’'un mélange air-combustible, comprenant les étapes
consistant :

(a) a détecter une condition de fonctionnement dudit moteur a combustion interne (1) ; et
(b) a déterminer si ledit reformeur (20) fonctionne normalement ou non sur la base de ladite condition de

fonctionnement détectée a I'étape (a),

dans lequel ladite condition de fonctionnement est une vitesse de combustion dudit combustible reformé dans ledit
moteur a combustion interne (1).

Procédé de la revendication 10, dans lequel ladite vitesse de combustion dudit combustible reformé est obtenue
sur la base d’'une MBT qui est une Avance Minimale pour le Meilleur Couple dudit moteur a combustion interne (1),

d’une pression a l'intérieur du cylindre, d’'une fraction massique briilée ou d’une température de gaz d’échappement.

Procédé de la revendication 7 ou 10, dans lequel ledit moteur a combustion interne (1) est alimenté avec ledit
combustible reformé et un combustible non reformé, ledit procédé comprenant en outre I'étape consistant .

(c) a modifier un critére pour déterminer si ledit reformeur (20) fonctionne normalement ou non en fonction d’'un
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rapport dudit combustible reformé sur ledit combustible non reformé.
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